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Leptin resistanceOB-Rb is a crucial factor for leptin signaling. This study was initially motivated by the observation
that OB-Rb expression is constitutively inhibited in the early secretory pathway. Our analyses reveal
that OB-Rb contains a less hydrophobic, but functionally active N-terminal signal sequence.
Constitutive translocational attenuation attributable to a less efﬁcient signal sequence proved to
be a reason for low protein level of OB-Rb. By contrast, enhanced signal sequence efﬁciency rescues
translocation and cell surface expression of OB-Rb, and eventually potentiates leptin signaling.
These observations provide considerable insight into the therapeutic enhancement of OB-Rb
translocation as a potential strategy for leptin resistance.
 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction However, OB-Rb is extremely low in cell surface expressionLeptin receptor is a type I single-transmembrane receptor of
cytokine receptor family that plays crucial role in transduction of
leptin signaling [1]. To understand a nature of leptin resistance,
most efforts have focused on signal transduction pathway
mediated by OB-Rb that is an isoform with the longest cytoplasmic
tail and most abundantly expressed in hypothalamus [2–4]. OB-Rb
plays a key role in the brain via Janus kinase (JAK)–signal
transducer and activator of transcription (STAT) pathway [5–7].
When circulating leptin binds to OB-Rb, tyrosine kinase JAK2
coupled with OB-Rb phosphorylates STAT3. Dimerized phospho-
STAT3 subsequently enters the nucleus and regulates transcription
of target genes that control appetite, metabolism and energy
expenditure [5,8].level and predominantly localized at trans-Golgi network even in
the cells transfected with its cDNA controlled by CMV promoter
[9]. Constitutive internalization of OB-Rb proved to be a reason
for this observation, suggesting that intracellular trafﬁcking lead
to an altered cell surface level of OB-Rb [10–12]. However, given
that degradation of internalized OB-Rb is a relatively slow process
[13,14], we cannot exclude the possibility that a novel post-tran-
scriptional or -translational mechanism at early secretory pathway
may regulate OB-Rb protein level.
In the mammalian cells, early secretory pathway of secretory
and membrane proteins is initiated by protein translocation across
the endoplasmic reticulum (ER) membrane. We have previously
discovered that this process is a regulatory process, like other
regulatory systems, that might be utilized by most proteins
entering the ER [15,16]. More recently, we have suggested that
signal sequence efﬁciency attributable to sequence diversity of sig-
nal peptides determines protein translocation into the ER and leads
to an altered secretion and cell surface level of proteins [15,17,18].
Considered together, signal sequence-dependent constitutive
translocational attenuation may be a plausible explanation for
low protein level of OB-Rb.
2322 I. Choi et al. / FEBS Letters 588 (2014) 2321–2327In the present study, we monitored signal sequence and trans-
location efﬁciency of OB-Rb, and determined whether signal
sequence efﬁciency affects cell surface expression of OB-Rb. At last,
we discussed about therapeutic potential of enhanced signal
sequence efﬁciency of OB-Rb as a strategy for leptin resistance.
2. Materials and methods
2.1. Antibodies
The following primary antibodies were used for this study:
anti-HA (Roche Diagnostics, Indianapolis, IN), anti-SRP54 (BD Bio-
sciences, San Jose, CA), anti-STAT3 and pSTAT3 (Cell Signaling Tech-
nology, Boston, MA), anti-prion protein (PrP), Sec61b, TRAPa and
GFP (kindly provided by Dr. R. Hegde, University of Cambridge, UK).
2.2. Molecular biology
All cDNAs used in this study were PCR-ampliﬁed with speciﬁc
primers and subcloned into pcDNA-FRT/TO or -HA for biochemical
studies according to standard methods. All constructs were veriﬁed
by DNA sequencing (Cosmogenetech, Seoul, Korea).
2.3. In vitro analyses
All components including T1 (for transcription) and T2 (for
translation) mix were described in previous report [19]. In vitro
transcription, translation, protease protection, membrane sedi-
mentation, ubiquitination assay, SRP-crosslinking experiment and
sucrose gradient of nascent chain complex were performed using
previously published methods [15,20].
2.4. Cell culture analyses
HeLa and Flp-In T-Rex 293 cells were purchased from the Amer-
ican Type Culture Collection (Manassas, VA) and Invitrogen,
respectively. Flp-In inducible systems (Invitrogen) was establishedA
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Hypothalamic N1 cells (mHypoE-N1) were kind gift from M. Kim
(University of Ulsan, Korea). SDS–PAGE, Western bloting, immuno-
precipitation and pulse-labeling experiment were carried out
according to published procedures [17,18].
Exact times and conditions in each experiment are described in
individual ﬁgure legends. Procedures of biotynylation assay and
retroviral infection, and additional details of experimental
methods can be found in Supplemental Methods.
3. Results and discussion
3.1. OB-Rb expression is post-transcriptionally inhibited at early
secretory pathway
We ﬁrst monitored the relative expression level of OB-Rb to
those of vascular endotherial cell adhesion molecule-1 (VCAM-1)
and prolactin (Prl). To exclude the possibility of transcriptional
regulation of those proteins, we established Flp-In stable cells
inducibly expressing C-terminal HA epitope tagged OB-Rb,
VCAM-1 and Prl whose expressions are controlled by CMV pro-
moter in the presence of doxycycline (Dox) (Fig. 1A).
Of note, in spite of similar levels of mRNA transcribed from the
all three different constructs (Fig. 1B), protein level of OB-Rb was
remarkably lower than those of VCAM-1 and Prl (Fig. 1C). Given
that newly synthesized OB-Rb is constitutively and rapidly
internalized from the cell surface [9], these observations were not
surprising. However, an intriguing observation that newly synthe-
sized OB-Rb is not even detectable at 30 min after pulse (Fig. 1D)
raised possibility of post-transcriptional inhibition of OB-Rb
expression at the early secretory pathway.
3.2. OB-Rb contains less hydrophobic, but functionally active N-
terminal signal sequence
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I. Choi et al. / FEBS Letters 588 (2014) 2321–2327 2323synthesized at the ER is recognized by signal recognition particle
(SRP) at the early secretory pathway [20]. For OB-Rb, this process
seems to be completed by its N-terminal region but TMD, as shown
by the translocational failure of OB-Rb lacking N-terminal region,
in vitro and in vivo (see Fig. 4). However, as compared with PrP
and Prl, OB-Rb is predicted to contain less hydrophobic N-terminal
region and uncertain signal cleavage site (Fig. 2A). Nevertheless, its
ribosome-bound nascent chain complex (RNC) synthesized from
truncated mRNA of OB-Rb–PrP in which native signal sequence
of PrP was replaced by that of OB-Rb (Fig. 2B) was successfully
crosslinked with SRP (Fig. 2C) and delivered to ER membrane
(Fig. 2D) at approximately the same level as RNCs of wtPrP and
Prl–PrP (PrP containing Prl signal sequence). These interactions
proved to be a speciﬁc interaction, as judged by the observation
that RNC of PrP lacking N-terminal region (DSP) failed to be cross-
linked with SRP. Our analyses demonstrate that in spite of low
hydrophobicity, N-terminal region of OB-Rb seems to be function-
ally active as a signal sequence.3.3. OB-Rb contains less efﬁcient signal sequence for translocation
Following delivery of RNCs to the ER membrane, RNCs are
transferred to the adjacent translocon, a translocation channel.
Nascent chains (NCs) are then cotranslationally translocated across
the ER membrane through the translocon [21]. During this process,
signal sequences interact with translocon [22] and stabilize nas-
cent proteins entering the ER. Sequence diversity of signal peptides
inﬂuences the interaction with translocon at this moment, result-
ing in differential translocation efﬁciency [16].
To examine the translocation efﬁciency of OB-Rb signal
sequence, we ﬁrst engineered mutant Prl construct containing
OB-Rb signal sequence and additional three amino acids at ﬂanking
mature domain (OB-Rb–Prl) (Fig. 3A). In the absence of rough
microsome (RM), in vitro translations of wild type Prl (wtPrl) (lane
1, Fig. 3B) and OB-Rb–Prl (lane 2, Fig. 3B) resulted in the synthesis
of 25 kDa products. These products are likely to be signal-unc-
leaved precursor Prl, as judged by slightly larger in mass than Prl
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2324 I. Choi et al. / FEBS Letters 588 (2014) 2321–2327lacking signal sequence (DSP) (lane 3 and 6, Fig. 3B). In the pres-
ence of RM, majority of the products synthesized from wtPrl was
shifted to a slightly smaller (lane 4, Fig. 3B) and mostly protected
by protease digestion (Fig. 3C). These results indicate efﬁcient
translocation of wtPrl.
By contrast, only small amount of OB-Rb–Prl proved to be suc-
cessfully translocated into the RM. Because majority of the product
from OB-Rb–Prl was signal-uncleaved form even in the presence of
RM (lane 5, Fig. 3B) (75% of radioactive products synthesized
from Prl (DSP), as shown by identical in mass to the product
synthesized without RM (lane 2, Fig. 3B), and completely digested
by proteinase K (PK) (Fig. 3D). These results provide an idea that
constitutive translocational attenuation attributable to less efﬁ-
cient signal sequence seems to be a reason for low steady-state
expression level of OB-Rb.
3.4. Enhanced signal sequence efﬁciency augments steady-state
expression level of OB-Rb
We then test this idea with wild type OB-Rb (wtOB-Rb). In vitro
translocation assay of wtOB-Rb followed by PK digestion resulted
in the synthesis of the product that was slightly smaller than pre-
cursor OB-Rb. This product turned out to be a properly oriented
OB-Rb whose short cytoplasmic tail was digested by PK (DC)
(Fig. 4B) and quantitatively mirror translocation efﬁciency of OB-
Rb. As expected, the amount of DC of OB-Rb was increased up to
2.0 ± 0.41-fold as native signal sequence of OB-Rb is replaced with
that of Prl (Prl–OB-Rb) (Fig. 4A). In the cells expressing Prl–OB-Rb,
although the amount of newly synthesized OB-Rb was increased atapproximately the same level (2-fold) as in vitro experiments
(Fig. 4C), total accumulation of OB-Rb was remarkably increased
up to 11.7 ± 2.57-fold (Fig. 4D). Signal sequence-dependent alter-
ation of protein expression was also shown in the cells expressing
chimeric PrP and Prl (Fig. S1 in the Supplemental Data). Moreover,
the amount of cell surface OB-Rb speciﬁcally coupled with biotin
was increased up to 3.1 ± 0.45-fold in the cells expressing Prl–
OB-Rb (Fig. 4E). These results demonstrate that less efﬁcient N-ter-
minal signal sequence is a major reason for low-level expression of
OB-Rb.
3.5. Enhanced signal sequence efﬁciency potentiates leptin signaling
Based on previous studies to suggest that induction of OB-Rb
expression restores leptin signaling and ameliorates obese pheno-
type in db/db and obese mice [23–25], we examined whether lep-
tin signaling is potentiated by enhanced signal sequence efﬁciency.
We ﬁrst established hypothalamic N1 cells (mHypoE-N1) constitu-
tively expressing chimeric OB-Rbs using retroviral infection
(Fig. 5A). Although the amounts of mRNA transcribed from chime-
ric OB-Rb constructs were approximately the same levels (Fig. 5C),
OB-Rb staining was generally weak in the cells expressing wild
type but clearly intensiﬁed as native signal sequence was replaced
with that of Prl (Prl–OB-Rb) (Fig. 5B), nevertheless, signiﬁcant
distinction of its subcellular localization was not seen in between
the cells. Notably, leptin treatment increased the amount of
pSTAT-3 up to 4.5 ± 0.32-fold in the cells expressing Prl–OB-Rb as
compared with that in the cells expressing wild type (Fig. 5D).
These results suggest that enhanced signal sequence efﬁciency
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I. Choi et al. / FEBS Letters 588 (2014) 2321–2327 2325eventually potentiates transduction of leptin signaling based on
the notion that activation of leptin signaling is generally mirrored
by STAT-3 phosphorylation.
In conclusion, most important aim of this study is to identify a
reason for low steady-state expression level of OB-Rb. In the mech-
anistic basis, OB-Rb contains less hydrophobic N-terminal region,
but functionally active signal sequence. In the physiological conse-
quences, constitutive translocational attenuation attributable toless efﬁcient signal sequence is an essential reason for low-level
of OB-Rb expression. On the basis of therapeutic signiﬁcance, this
study provides a new therapeutic concept of targeting signal
sequence to control OB-Rb expression for human diseases caused
by impaired transduction of leptin signaling.
Whether enhanced signal sequence efﬁciency restores pheno-
types featured in db/db and obese mice still remains to be investi-
gated. This issue looks forward to being addressed with conditional
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